Several cultures of gram-negative and gram-positive bacteria were successfully immobilized with titanous hydroxide. The immobilization efficiency for the microorganisms investigated in saline and broth media ranged from 80.2 to 99.9%. The immobilization of salmonella was effective over a wide pH range. The presence of buffers, particularly phosphate buffer, drastically reduced the immobilization rate. However, buffers may be added to immunoassay systems after immobilization of microorganisms. The immobilization process involved only one step, i.e., shaking 100 ,lI of culture with 50 ,il of titanous hydroxide suspension in polystyrene tubes for only 10 min. The immobilized cells were so tenaciously bound that vigorous agitation for 24 h did not result in cell dissociation. The nonspecific binding of 1251-labeled antibody from rabbits and '251-labeled protein A by titanous hydroxide was inhibited in the presence of 2% gelatin and amounted to only 5.6 and 3.9%, respectively. We conclude that this immobilization procedure is a potentially powerful tool which could be utilized in solid-phase immunoassays concerned with the diagnosis of microorganisms.
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Immunoassay methods with radiolabeled or enzymelabeled reagents have gained extraordinary importance in many fields of research and in routine diagnosis. However, the immobilization of whole bacterial cells for diagnostic purposes by solid-phase immunoassays has received insufficient attention in the literature.
Immobilization of bacterial cells has been achieved by coating microtiter plates (1) or polystyrene balls (6) . The disadvantages of this approach are that: (i) it is based upon nonspecific adsorption of antigens, which may be influenced by several factors (3), (ii) after the completion of adsorption, desorption can take place, and (iii) only a small proportion of cells may be adsorbed by this procedure.
Immobilization was also effected indirectly by another concept applied in sandwich-type solid-phase immunoassays by precoating the solid phase with antibody to the cells to be immobilized and then adding the cells (13) . This alternative, however, has the same disadvantages as direct immobilization, as both procedures are based upon the nonspecific adsorption of antigen or antibody-antigen to a support. The adsorptive characteristics of several proteins of different molecular weights and ionic charges to polystyrene and their significance in solid-phase immunoassays have been investigated (2) . The results (2) showed that each protein had a characteristic adsorptive behavior not explained by simple charge differences, that the proportion of bound protein was independent of the amount added, that the binding increased proportionally with temperature and incubation time, and that above a certain concentration, protein-to-protein rather than protein-to-polystyrene adsorption occurred.
A number of other methods for the immobilization of microbial and animal cells has been reported. Poly-L-lysine precoating of supports has been used for the immobilization of bacterial capsular polysaccharides and diverse cell types (10, 15) . The property of glutaraldehyde as a protein crosslinker (7, 16) and its use as a bacterial cell wall cross-linking reagent have been described (8) . The immobilization of microorganisms and proteins has been reported with char-* Corresponding author. coal and insoluble calcium salts (3), plant lectins (17) , and activated Sepharose gels (4) . Also, carbodiimide has been used in conjunction with appropriate insoluble support systems for the immobilization of whole cells (9) or biochemicals (11) . Anion and cation exchange resins have also been used for adsorbing bacteria and other microorganisms (3) .
The objective of this investigation was to develop a method for the immobilization of salmonella cells on a nonsoluble support, thereby facilitating the detection of these bacteria by solid-phase immunoassay systems. Ideally, such a method should be simple, rapid, and efficient and should not bind appreciable concentrations of reagents used in immunoassays such as antibodies or protein A, which has been proposed as a general tracer in immunoassays (5, 14) .
While the immobilization of salmonella cells was the major concern of this study, the immobilization of other gramnegative and gram-positive bacteria was also investigated. tubes were agitated for 10 min at room temperature in a reciprocal agitator at a speed to maintain the metal hydroxides suspended in the tubes except where otherwise specified. Sterilized saline (0.9 ml) was then added to each tube, and after vortexing, the tubes were centrifuged (1,400 x g) for 5 min at 4°C. Portions (100 ,ul) of the supernatant in the tubes were serially diluted, and the bacterial populations were determined by the standard plate count method. The standard plate count was also conducted on tubes containing no metal hydroxide suspensions (control) which were treated in the same way as those containing the metal hydroxides. The immobilization efficiency was expressed as: % immobilization = (population in control tube -population in supernatant of tube containing metal hydroxide) x 100/(population in control tube).
Inhibition of binding of radiolabeled antibody and protein A by metal hydroxides. 125'-labeled immunoglobulin G (IgG) to human thyroglobulin raised in rabbits was obtained from Sorin Biomedica, Vercelli, Italy. '251-labeled protein A was obtained from Radiochemical Centre, Amersham, England. These reagents were used after dilution to produce approximately 15,000 and 20,000 cpm/100 ,ul, respectively. To each polystyrene tube, 50 ,ul of metal hydroxide was added, followed by 100 ,ul of culture suspension in saline. After shaking for 10 min, 100 ,ul of 0.05 M phosphate buffer containing the appropriate concentration of a quenching material was added. The objective of this step was to saturate (quench) any group(s) on the immobilization matrix which could bind the radiolabeled antibody or protein A. After incubation for 20 min, 100 ,ul of either of the radiolabeled reagents was added, the mixture was then shaken for 2 h, and then 1.5 ml of saline was added. The tube contents were centrifuged and aspirated, and the residual radioactivity in the tubes was counted with a Packard Selectronic Autogamma Spectrometer. Control tubes containing no metal hydroxides were treated in the same way to deduct the nonspecific binding of the radiolabeled reagents Immobilization of microorganisms other than salmonella by titanous hydroxide. Immobilization of other microorganisms was carried out with cultures grown in BHI broth which were diluted with saline. The immobilization efficiency was determined with 100-,ul diluted cultures, 50 ,ul of titanous hydroxide suspensions, and 10-min shaking. The results (Table 4) showed the ability of titanous hydroxide to effectively immobilize all the gram-negative and grampositive bacteria investigated. The percentage of immobilization ranged from 89.9 to 99.9% and 91.0 to 99.6%, respectively.
DISCUSSION
The successful immobilization of Escherichia coli, Acetobacter spp., and Saccharomyces cervisiae with titanic hydroxide and zirconium hydroxide for the construction of microorganism reactors for commercial purposes has been reported (12) . These findings were extended in the current investigation with the same hydroxides and titanous hydroxide for the immobilization of microorganisms to produce a solid phase which could be used for the detection of microorganisms by immunoassays. The percentage of immobilization of salmonella by titanous hydroxide was significantly higher than those obtained with titanic hydroxide and zirconium hydroxide. Moreover, the nonspecific binding of radio- 
